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Abstract
Purpose: The interface between the transmucosal portion of endosseous implants surface and the connective tissue is characterized by fibroblast-
rich barrier tissue, which is important for the long-term stability and maintenance of the implant. This study investigated the effect of cell adhesion
on focal adhesion kinase (FAK) protein and on gene expression over a 72-h culture period. Fibroblast-like cells were cultured on anodized-
hydrothermally treated commercially pure titanium with nanotopographic structure (SA-treated c.p.Ti) surfaces.
Methods: Murine fibroblast-like NIH/3T3 cells were cultured for 10–72 h on c.p.Ti, anodic oxide (AO) c.p.Ti, and SA-treated c.p.Ti disks. Cell
morphology was analyzed using scanning electron microscopy (SEM). Cytoskeletal structure and FAK protein localization were analyzed using
confocal laser scanning microscopy (CLSM). FAK mRNA levels were analyzed using real-time quantitative RT-PCR.
Results: SEM and CLSM showed increased NIH/3T3 cell adhesion with time, and actin filaments oriented parallel with the filopodium-like
extensions on all disks. Filopodium-like extensions were bound tightly to the nanotopographic structure surface of cultures on SA-treated c.p.Ti,
and especially at 72 h. FAK protein was localized along cellular extensions on SA-treated c.p.Ti and the expression of FAK mRNA was
significantly higher on these disks than on c.p.Ti and AO c.p.Ti after 72 h (P < 0.05).
Conclusions: NIH/3T3 fibroblast-like cells have the capacity to adhere to SA-treated c.p.Ti as a transmucosal portion of implant surface material
and express focal adhesion molecules, which may play a key role in the maintenance of a mucosal tissue barrier
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The long-term clinical success and maintenance of implant-
supported restorations in terms of form and function depends on
the barrier function provided by the peri-implant mucosal
tissue. Specifically, this function is provided by junctional
epithelium and connective tissue with scar tissue characteristics
[1–3]. Mucosal scar tissue in contact with the implant surface
has a high density of fibroblastic cells that turn over rapidly, and
serves as a transmucosal barrier close to the implant [2]. The
connective tissue attachments also block apical migration of the
junctional epithelium and prevent loss of crestal bone [4–7].* Corresponding author. Tel.: +81 19 651 5111x4127; fax: +81 19 654 3281.
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OPre-clinical and clinical studies suggested that the transmu-
cosal portion of commercially pure titanium (c.p.Ti) endoss-
eous implants could regulate epithelial and connective tissue
cells by virtue of specific surface topography and physico-
chemical properties [8–10]. This portion of the implant surface
serves as a three-dimensional interface for connective tissue
including the fibrocollagenous attachments [5,7,11]. In addi-
tion, the geometrical or physicochemical properties of the
transmucosal portion of an implant surface could potentially
enhance fibroblastic cellular attachment, orientation, migra-
tion, spreading, proliferation, and differentiation, as well as the
protein or gene expression of fibroblasts [12–16].
Discharge anodic oxidation followed by hydrothermal
treatment (spark-discharged anodic oxidation (SA) treatment)
has been used successfully to coat c.p.Ti implants (SA-treated
c.p.Ti) with a highly crystalline, thin hydroxyapatite (HA) layer
on anodic titanium oxide film with nanotopographic structurepen access under CC BY-NC-ND license.
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SA-treated c.p.Ti surfaces have enhanced osteoconductive
properties and promote early bone matrix mineralization
[21,22,24,26–30]. Our observations suggested that the topo-
graphy and physicochemical properties of SA-treated c.p.Ti
surface structures enhance surface-specific osteoblast differ-
entiation and induce changes in bone matrix gene expression
[24,26,28,30].
The present study sought to examine whether the thin HA
layer and anodic titanium oxide film with nanotopographic
structure on SA-treated c.p.Ti implants could regulate and
enhance fibroblast adhesion by functioning as a transmucosal
barrier. This process could be mediated by altered expression of
cytoplasmic focal adhesion protein molecules [12,14,32], or by
changed activation states in intracellular signal transduction
pathways [13,15,16,32]. These changed properties could play
an essential role in sealing, defending, and protecting the
implant surface from the oral environment [1–7,11]. We
therefore investigated the behavior of fibroblasts on SA-treated
c.p.Ti used as clinical oral implants.
Focal adhesion kinase (FAK) plays a central role in integrin-
mediated signal transduction [32]. We therefore analyzed the
protein and gene expression of FAK in mouse fibroblast-like
NIH/3T3 cells over a 72-h culture period on SA-treated c.p.Ti
surfaces to better understand the adherent fibroblast phenotype
and its potential modulation by surface topography.
2. Materials and methods
2.1. Sample preparation
The c.p.Ti disks used in this study were 15 mm in diameter
and 1.5 mm thick, and comprised >99.8% titanium (JIS-Grade 2,
Shinko Wire Company, Ltd., Osaka, Japan). The c.p.Ti disks
were prepared by machining (0.29  0.01 mm Ra; Fig. 1a) [31]
and were anodized at 350 Vin an electrolytic solution containing
0.01 M b-glycerophosphate disodium salt pentahydrate and
0.15 M calcium acetate monohydrate dissolved in distilled water.
Anodic oxidation was conducted at a current density of 50 mA/
cm2 using a regulated DC power supply (419A-630; Metronix,
Japan). The disks were then washed with distilled water and dried
(0.73  0.04 mm Ra; AO c.p.Ti; Fig. 1b) [31]. The AO c.p.Ti
disks were then hydrothermally heated using high-pressure
steam at 300 8C for 2 h in an autoclave, resulting in the
precipitation of HA crystals on the disk surface (0.75  0.03 mm
Ra; SA-treatment; Fig. 1c) [31]. The morphology of the AO
c.p.Ti and SA-treated c.p.Ti disks surface was confirmed by
scanning electron microscopy (SEM) (S-4700, Hitachi, Tokyo,
Japan). The AO c.p.Ti surface displayed an anodic titanium oxide
film with a porous microstructure containing numerous craters
and micropores of 1–3 mm in diameter (Fig. 1b) [17–19]. HA
crystals were observed on the SA-treated c.p.Ti, with >60% of
the anodic titanium oxide film comprising a calcium and
phosphate (AOFCP) surface [17–19]. The precipitated HA
crystals had a typical single hexagonal columnar shape and very
high crystallinity [17–20,25,27]. The overall film had a lamellar
structure, with a thin HA layer of 1 mm overlaying the AOFCPlayer of 4.5 mm for a total film thickness of 5.5 mm (Fig. 1c) [18].
While the AOFCP surface on AO c.p.Ti disks was slightly
smoother with less nanoscale topography (0.83  0.03 nm;
Fig. 1d; AO c.p.Ti), while the AOFCP surface underlying the HA
crystals on SA-treated c.p.Ti disks showed nanoscale topography
(2.75  0.10 nm; Fig. 1e; SA-treated c.p.Ti) [31]. Prior to cell
culture, all disks were sterilized by autoclaving at 121 8C for
20 min and then all disks were exposed to ultraviolet light in a
sterile tissue culture hood for 72 h.
2.2. Cells and cell culture
The NIH/3T3 mouse fibroblast cell line was obtained from
the Health Science Research Resource Bank (JCRB No. 0615,
Japan Health Sciences Foundation, Japan). The cells were
seeded at a density of 1.5  105 cells/cm2 in tissue culture
plastic dishes (Falcon, Becton Dickinson, NJ, USA), containing
Dulbecco’s modified Eagle’s medium (Sigma, St Louis, MO,
USA), supplemented with 10% fetal bovine serum (Gibco-
BRL, Rockville, MD, USA) and antibiotics (penicillin/
streptomycin, Gibco) in a fully humidified atmosphere
consisting of 95% air, 5% CO2 at 37 8C. For SEM, the cells
(1.5  104 cells/disk) were seeded onto c.p.Ti, AO c.p.Ti, and
SA-treated c.p.Ti disks in 12-well plates (Falcon) and incubated
for 10 or 72 h. To analyze the expression level of FAK protein
using confocal laser scanning microscopy (CLSM) and FAK
mRNA using real-time quantitative RT-PCR in cell culture; the
cells (1.5  105 cells/disk) were seeded onto c.p.Ti, AO c.p.Ti,
and SA-treated c.p.Ti disks in 12-well plates (Falcon), as well
as directly onto the tissue culture plastic wells without any disk,
which were used as a tissue culture plastic control. The cells
were incubated for 10 or 72 h.
2.3. SEM analysis of cell morphology
NIH/3T3 cell morphology was analyzed by SEM (S-4700,
Hitachi, Tokyo, Japan) after culturing for 10 or 72 h. The samples
were prepared as follows: c.p.Ti, AO c.p.Ti, and SA-treated c.p.Ti
disks with cultured cells attached were washed twice in
phosphate-buffered saline (PBS; Nissui Pharmaceutical Com-
pany, Ltd., Tokyo, Japan) to remove nonattached cells and then
twice with 0.1 M sodium cacodylate buffer, pH 7.4, at 37 8C for
5 min. The cells on all disks were fixed for 3 h at 4 8C according to
Karnovsky’s method (4% paraformaldehyde, 3% glutaraldehyde,
0.1 M sodium cacodylate buffer, pH 7.4). After fixation, disks
with cultured cells were washed twice in PBS and then dehydrated
using a graded ethanol series, followed by critical point drying and
ion-sputter coating (E-1030, Hitachi, Tokyo, Japan).
2.4. CLSM analysis of immunofluorescent staining
The expressions of FAK protein and actin were analyzed by
immunofluorescent staining using CLSM (C1-si, Nikon, Tokyo,
Japan) after NIH/3T3 cell culture for 10 or 72 h. The samples
were prepared as follows: c.p.Ti, AO c.p.Ti, and SA-treated
c.p.Ti disks with cultured cells were washed twice in PBS
(Nissui) to remove nonattached cells. After rinsing, the cells were
Fig. 1. SEM micrographs of c.p.Ti disks (a), AO c.p.Ti disks (b), and SA-treated c.p.Ti disks (c). Higher-magnification micrographs of the anodic titanium oxide film
surface of AO c.p.Ti disks (d; enlargement of the frame shown in b), and SA-treated c.p.Ti disks (e; enlargement of the frame shown in c). Original magnification: (a)
1500, (b and c) 5000, (d and e) 50,000.
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permeabilized with 0.1% Triton X-100 in PBS for 5 min at 37 8C.
The cells were labeled with rabbit anti-FAK antibody (Cell
Signaling, Danvers, Mass., USA) for 1 h at 37 8C, and then
overnight at 4 8C. After washing the cell layer with 0.2% Triton
X-100 in PBS, Alexa Fluor 488-conjugated goat anti-rabbit IgG
(Molecular Probes, Leiden, Netherlands) was added for 30 min
at 37 8C. After washing the cell layer with 0.2% Triton X-100 in
PBS, the cellular actin was stained using rhodamine-phalloidin
(Invitrogen, Paisley, UK).
2.5. Real-time quantitative RT-PCR analysis of FAK gene
expression
Total RNA was isolated from the NIH/3T3 cells using
TRIzol reagent (Invitrogen) based on the single-step method.
First-strand cDNA was synthesized from total RNA using the
PrimeScript RT Master Mix (TaKaRa Shuzo Co., Ltd., Shiga,
Japan). Real-time quantitative RT-PCR (qRT-PCR) wasperformed on a Thermal Cycler Dice Real Time System
(TP800, TaKaRa) using SYBR Premix Ex Taq II (TaKaRa)
with specific oligonucleotide primers. The primer was used as
template for PCR with primers specific for FAK (50-
GACCTGGTTATCCTAGCCCGAGA-30 and 50-ATGCCT-
GACCTTGGTAAATGCTG-30) and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) (50-TGTGTCCGTCGTGGA
TCTGA-30 and 50-TTGCTGTTGAAGTCGCAGGAG-30). The
FAK mRNA levels for c.p.Ti, AO c.p.Ti, and SA-treated c.p.Ti
disks were normalized to those obtained for GAPDH mRNA,
and the relative expression levels are shown as a fold-increase
or fold-decrease relative to the control. The value of the ratio in
the control group as a FAK/GAPDH (Relative Quantity) was set
at 1. Experiments were performed in triplicate.
2.6. Statistical analysis
The qRT-PCR data are expressed as mean values  SD.
Statistical analysis was performed by one-way analysis of
Fig. 2. SEM micrographs of murine NIH/3T3 fibroblast morphology on c.p.Ti disks (a), AO c.p.Ti disks (b and c), and SA-treated c.p.Ti disks (d and e) after 10 h.
Higher-magnification micrographs of AO c.p.Ti disks (c; enlargement of the frame shown in b) and SA-treated c.p.Ti disks (e; enlargement of the frame shown in d).
Original magnification: (a, b, and d) 3000, (c and e) 20,000. Arrowheads indicate the interface between cell and AO c.p.Ti disks (c) or SA-treated c.p.Ti disks (e).
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of multiple groups to determine significance. A value of
P < 0.05 was considered significant. Statistical analyses were
performed on a personal computer using statistical software
package SPSS, version 15.0 for Windows (SPSS Japan, Tokyo,
Japan).
3. Results
3.1. SEM analysis of cell morphology
NIH/3T3 cells cultured on the c.p.Ti surfaces for 10 h
appeared flattened with extensions, although the nucleus
seemed to retain a slightly round shape (Fig. 2a). Examination
of the AO c.p.Ti showed a round nucleus, although the
remaining cytoplasm was thinly spread and bound closely to the
disk surface (Fig. 2b). High-magnification micrographs
(Fig. 2c) of the AO c.p.Ti surface confirmed the tightattachment of the spread cell cytoplasm to the disk surface.
In contrast, cells adherent to the SA-treated c.p.Ti surface had
extensively spread cytoplasm, with the HA crystals and anodic
titanium oxide film in apparently intimate contact with the cells
and surrounded by filopodium-like processes (Fig. 2d). High-
magnification micrographs (Fig. 2e) of cells on the SA-treated
c.p.Ti surface confirm these observations and reveal the
nanoscale topography of the anodic titanium oxide film.
After 72 h in culture, cells adherent to c.p.Ti surfaces
showed a flattened cell body with extensions, and substantial
binding to the disk surface (Fig. 3a). Cells on the AO c.p.Ti
disks also had a flattened body with extending cytoplasmic
projections bound closely to the disk surface (Fig. 3b). High-
magnification micrographs (Fig. 3c) of the AO c.p.Ti surface
confirmed the tightly bound cytoplasm and filopodium-like
processes extending and intimately adhering to the anodic
titanium oxide film. Cells adhering to the SA-treated c.p.Ti
surface were also extensively spread with a flattened cytoplasm.
Fig. 3. SEM micrographs of murine NIH/3T3 fibroblast cells on c.p.Ti disks (a), AO c.p.Ti disks (b and c), and SA-treated c.p.Ti disks (d and e) after 72 h. Higher-
magnification micrographs of AO c.p.Ti disks (c; enlargement of the frame shown in b) and SA-treated c.p.Ti disks (e; enlargement of the frame shown in d). Original
magnification: (a, b, and d) 3000, (c and e) 20,000. Arrowheads indicate the interface between cell and AO c.p.Ti disks (c) or SA-treated c.p.Ti disks (e).
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be in intimate contact with the cells and surrounded by
filopodium-like processes (Fig. 3d). Compared with the cells on
AO c.p.Ti (Fig. 3c), high-magnification micrographs (Fig. 3e)
of SA-treated c.p.Ti surface revealed that the cytoplasm and
filopodium-like extending processes were adhering intimately
to the anodic titanium oxide film with nanoscale topography.
Moreover, the apical parts of the cells showed spreading across
the nanoscale topography and had migrated into the micropores
on the SA-treated c.p.Ti.
3.2. CLSM analysis of cell immunofluorescent staining
The CLSM analysis of staining for actin filaments (red) and
FAK protein expression (green) is depicted in merged images of
NIH/3T3 cells cultured on c.p.Ti, AO c.p.Ti, and SA-treated c.p.Ti
disks for 10 or 72 h (Figs. 4 and 5). At both 10 and 72 h in culture,the cells were attached and spreading on the surface of c.p.Ti, AO
c.p.Ti, and SA-treated c.p.Ti disks. The cytoskeletal actin
filaments were parallel to each other and aligned with the long
axis of the cell on the surface of each disk (Figs. 4 and 5). Cells
cultured on c.p.Ti (Figs. 4a and 5a) and AO c.p.Ti (Figs. 4b and 5b)
showed filopodium-like processes extending from the cell and
oriented parallel with actin-stained filaments. In contrast, actin
filaments were localized to the cell periphery of cells cultured on
the SA-treated c.p.Ti surface (Figs. 4c and 5c). FAK protein was
not localized at the surface of cells on any of the disks when
cultured for 10 h (Fig. 4), nor in cells cultured for 72 h on c.p.Ti
(Fig. 5a) or AO c.p.Ti (Fig. 5b) disks; however, surface-localized
actin was observed in cells cultured on SA-treated c.p.Ti disks for
72 h (Fig. 5c). Activated FAK protein, found at focal adhesion
sites, where it overlapped with actin filaments terminating in the
extending filopodium-like processes in cells adhering to the
substratum on the SA-treated c.p.Ti disks (Fig. 5c).
Fig. 4. CLSM immunofluorescence of FAK protein (green) and rhodamine-
phalloidin (red) staining for actin filaments (cytoskeletal organization) in murine
NIH/3T3 fibroblasts on c.p.Ti disks (a), AO c.p.Ti disks (b), and SA-treated c.p.Ti
disks (c) after 10 h.
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expression
Gene expression analysis of FAK in the NIH/3T3 cells
attached to c.p.Ti, AO c.p.Ti, and SA-treated c.p.Ti disks at 10
or 72 h are presented in Fig. 6. The expression of GAPDH
mRNA in cells adherent to control, c.p.Ti, AO c.p.Ti, and SA-
treated c.p.Ti surfaces did not differ between 10 and 72 h and
was used to normalize the levels of FAK mRNA. At 10 h, there
was no significant difference in the level of FAK mRNA
between SA-treated c.p.Ti surfaces (1.341  0.106) and c.p.Ti
(0.955  0.212), AO c.p.Ti surfaces (0.919  0.237), or control
(1). However, there was a significant increase in FAK mRNA in
cells cultured on SA-treated c.p.Ti surfaces at 72 h
(1.938  0.075) compared to c.p.Ti (1.444  0.183), AO
c.p.Ti surfaces (1.300  0.230), and control (1). There was
also a significant difference in FAK gene expression between
c.p.Ti surfaces (1.444  0.183) and control (1).
4. Discussion
The effectiveness of the soft-tissue biological seal around
the surface of implant materials depends on the surface
topography and physicochemical properties [11]. These factors
are important for determining the long-term success of implants
as well as the osseointegration process [2]. In the case of
endosseous implants, long-term stability and retention depends
on jaw bone remodeling [33,34], with initial stabilization of the
implant strongly influenced by the early stages of osseous and
soft-tissue wound healing that begin at the time of implantation
[35]. An oral implant system usually includes a mucosa-
penetrating component [34,35], which permits close contact
between the implant surface and the oral epithelium [7]. The
specific interface between peri-implant mucosa and the
transmucosal portion of the implant surface is therefore very
important because it acts as a barrier against the full oral
environment including dental plaque, oral bacteria and their
components, and inflammatory cell infiltrates [2,6].
SA-treated c.p.Ti endosseous implants come into direct
contact with the oral epithelium resulting in many complex and
regional interactions. In particular, the interaction of the
implant material with the host defense mechanisms consisting
of both specific and nonspecific immune responses to oral
bacteria and their components have to be considered [23]. Our
previous study demonstrated that the SA-treated c.p.Ti surface
structure and composition has a minimal effect on lymphocytes
and macrophages, and also exhibits good hard and soft tissue
biocompatibility [23,26,33,36]. In addition, characterization of
HA crystals formed by anodic oxidation and hydrothermal
treatment of c.p.Ti using x-ray photoelectron spectroscopy
(XPS) and x-ray diffraction (XRD) demonstrated a Ca/P ratio
of 1.48 [18,25]. Moreover, the HA crystals remained stable and
did not impact the living tissue [19,20,27,29].
This in vitro study investigated the responses of murine
fibroblast-like NIH/3T3 cells on SA-treated c.p.Ti as the
transmucosal portion of an implant, compared with cells on
c.p.Ti or AO c.p.Ti implants. The study was designed to
Fig. 5. CLSM immunofluorescence of FAK protein (green) and rhodamine-
phalloidin (red) staining for actin filaments (cytoskeletal organization) in
murine NIH/3T3 fibroblasts on c.p.Ti disks (a), AO c.p.Ti disks (b), and
Fig. 6. Real-time quantitative RT-PCR for FAK mRNA expression in murine
NIH/3T3 fibroblasts cultured for 10 and 72 h on c.p.Ti disks, AO c.p.Ti disks,
SA-treated c.p.Ti disks, and tissue culture plastic as a control. The mRNA
expression levels for c.p.Ti, AO c.p.Ti, and SA-treated c.p.Ti disks were
normalized to those obtained for the expression level of GAPDH mRNA.
Measurements are expressed as mean values  SD. *Significant at P < 0.05.
Experiments were performed in triplicate.
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the connective tissue and surface modification of implant
materials at both a molecular and cellular level. We found an
increase in the extent of NIH/3T3 cell adhesion with time and
that the observed filopodium-like extensions were bound
tightly to the nanotopographic structure surface. We also found
that localized FAK protein in the cellular protrusions on
SA-treated c.p.Ti at 72 h, and both the gene and protein
expressions of FAK were significantly higher in cells cultured
on these disks at 72 h than on c.p.Ti and AO c.p.Ti. From the
data presented in this study, we propose that fibroblasts have the
capacity to adhere to SA-treated c.p.Ti surfaces with increased
expression of focal adhesion molecules and a more differ-
entiated phenotype. The expression level and localization of
FAK protein in NIH/3T3 cells cultured on the SA-treated c.p.Ti
surface depends on the integrin-mediated focal adhesion sites at
the surface structure, where cytoskeletal actin filaments
terminate [24,37]. Furthermore, compared with c.p.Ti and
AO c.p.Ti, SA-treated cpTi surfaces induce a surface-specific
biological response as a consequence of their HA crystal-based
nanotopographic structure with HA crystals and their physi-
cochemical properties [24,26,28,30,31]. Integrins are trans-
membrane proteins that mediate cell adhesion and migration
through contact with extracellular matrix (ECM) proteins and
intracellular cytoskeletal elements, while FAK is specifically
associated with cellular focal adhesions on the cpTi surface
[13,38]. Integrin-mediated signaling pathways are known to
affect cytoplasmic processes, the actin cytoskeleton, nucleus
processes, and gene expression [39]. In addition, integrin
signaling depends upon FAK cytoplasmic protein tyrosineSA-treated c.p.Ti disks (c) after 72 h. Arrowheads indicate several areas of
FAK-positive staining along the edges of the cell periphery on SA-treated c.p.Ti
disk surfaces after 72 h (c).
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integrin subunit. FAK is tyrosine-phosphorylated and plays a
central role in integrin-mediated signal transduction [32]. The
integrin b1 subunit links to ECM proteins such as fibronectin,
which can potentially mediate the affinity of fibroblasts for the
SA-treated c.p.Ti peri-implant surface [12]. Interestingly, and
in support of our present data, a recent study demonstrated that
surface modification of c.p.Ti implant materials such as
anatase-TiO2 coating under UV irradiation significantly
improved the initial attachment and growth of human period-
ontal ligament fibroblasts [40]. This finding suggested that
changing the hydrophilicity of the implant surface could
enhance fibroblast adhesion and thus play an essential role in
the sealing function at the implant’s transmucosal region [40].
We recently demonstrated that SA-treated c.p.Ti surfaces are
more hydrophilic and exhibit markedly improved wettability
compared with c.p.Ti and AO c.p.Ti [31]. We have also
speculated that the surface energy levels on SA-treated c.p.Ti
are higher than those on c.p.Ti and AO c.p.Ti, which is an
important factor in determining the biological responses to SA-
treated c.p.Ti [31]. Interface phenomena such as potential
surface energy and the physicochemical interactions of HA
crystals with anodic titanium oxide film with nanotopographic
structure on SA-treated c.p.Ti endosseous implant surfaces are
important regulators of the fibroblast phenotype. These
regulatory factors include cell adhesion, migration, and gene
or protein expression [24,26,28,41]. The surface energy, which
is dictated by the surface roughness, topography, and
composition of the implant, is crucial in determining which
proteins are absorbed onto the surface, and potentially could
affect the initial cell attachment to the material, as well as cell
proliferation and differentiation at the implant-cell interface
[41].
This in vitro study suggests that the thin HA layer and anodic
titanium oxide film with nanotopographic structure on SA-
treated c.p.Ti implant material up-regulates and markedly
improves fibroblast cellular attachment, spreading, and gene or
protein expression. The SA-treated c.p.Ti implant material
produces a greater initial cellular response than c.p.Ti and AO
c.p.Ti implant material. These cellular effects result from the
surface-specific biological response between the transmucosal
portion of implant surface and connective tissue, and have a key
role in maintenance of the mucosal tissue barrier. Further
studies of long-term cellular responses, investigation of
molecular interactions between integrin receptors and epithelial
tissue cells intracellular signaling proteins expression may
identify the biological responses occurring at the SA-treated
c.p.Ti as a transmucosal portion of the implant surface.
5. Conclusions
The present in vitro study clearly demonstrated that the
extent of NIH/3T3 cell adhesion increases with time. The
filopodium-like cell extensions are bound closely to the thin HA
layer and nanotopographic structure surface, and FAK protein
is localized along cellular extensions on SA-treated c.p.Ti at
72 h. The gene expression level of FAK mRNA is significantlyhigher on SA-treated c.p.Ti than on c.p.Ti or AO c.p.Ti after
72 h. The early cellular responses indicate that fibroblasts have
the capacity to adhere to the material, which markedly
improves expression of focal adhesion molecules and enhances
the fibroblast phenotype. These cellular responses play a key
role in maintaining an oral mucosal tissue barrier at the
interface between the SA-treated c.p.Ti implant surface and the
connective tissue.
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